In keeping with their crucial role for maintenance of a species, germ cells are endowed with unique properties, the most remarkable being the coexistence of a highly differentiated state with the retention of many of the traits of a pluripotent cell. In line with this property, germ cells often use unique molecular strategies to drive their development to mature gametes. For instance, regulation of gene expression via mRNA translation rather than transcription is widely used during germ cell differentiation in organisms as diverse as worms and humans. One extreme is the mature oocyte, where control of gene expression is entirely transferred from the nucleus to the cytoplasm [1] . Large stockpiles of maternal mRNAs accumulate during oocyte growth; at this stage, the mRNAs are remarkably stable, with half-lives measured in days rather than hours, and are translationally quiescent. When transcription ceases in mature oocytes, programs of mRNA unmasking, translation, and degradation direct all the functions associated with maturation, fertilization, and early embryo development. The report of Medvedev and collaborators [2] that appears in the current issue of Biology of Reproduction provides new insights into the mechanism of mRNA storage stabilization/destabilization in the oocyte.
MSY2 is expressed at high levels in rodent germ cells. In the male, it is involved in mRNA stabilization in postmeiotic spermatids [7] . In oocytes, it is calculated to account for 2% of the protein. The function of this protein is regulated during the meiotic cycle, as MSY2 is phosphorylated during oocyte maturation in a Cdc2-dependent manner [8] . This phosphorylation is associated with mRNA destabilization, as suggested by mutagenesis studies.
Confirming and extending their previous data using SiRNA knockdown [9] , the present report [2] shows that Msy2 complete knockout causes a major disruption in oocyte maturation and female infertility. Oocyte growth is slightly delayed, but eventually oocytes reach a size comparable to wild type. Interestingly, these authors notice that the cumulus cells are loosely attached to Msy2 À/À oocytes. This observation suggests that the structural connections between oocytes and cumulus cells are not correctly assembled, raising the possibility that the bidirectional communications between oocyte and somatic cells are also compromised. This finding may also explain the intriguing observation that Msy2 À/À oocytes do not remain arrested in germinal vesicle stage when isolated in the presence of the PDE3 inhibitor milrinone at concentrations that are effective in wild-type oocytes. The authors propose that the expression of the PDEs involved in maintaining cyclic nucleotide levels nonpermissive to maturation may be altered. It will be useful to further analyze how cyclic nucleotide metabolism and meiotic arrest are affected in these oocytes, as it may uncover new properties of this regulatory circuit.
In agreement with a central function of MSY2 in mRNA processing, the total amount of polyadenylated mRNA in Msy2 À/À oocytes is decreased by 20%. This widespread mRNA disruption is confirmed by transcription profiling, which shows that the abundance of two-thirds of the transcripts is perturbed. Surprisingly, a number of transcripts are actually upregulated in Msy2 À/À oocytes rather than decreased. Indeed, the onset of transcriptional quiescence is also delayed in Msy À/À oocytes. This may be an indirect effect of a defective communication with somatic cells or defects intrinsic to the oocyte itself. The conformation of chromatin in the oocyte nucleus, BrdU incorporation, and Pol2 phosphorylation are all consistent with failure to suppress transcription. In line with this finding, repressive histone marks such as H3K9m3 are also reduced in Msy2 À/À oocytes. It is striking that with such a generalized perturbation of the transcriptome, oocytes still reach such an advanced stage of maturation. Is there a unifying hypothesis that may explain this widespread deregulation of oocyte maturation? A logical interpretation proposed by the authors is that MSY2 is a major component required for mRNA storage during oocyte development. When the function of this protein is compromised, widespread effects on mRNA stability and repression are produced. With a ripple effect, these defects propagate throughout the transcriptome, affecting not only translation but also transcription itself, perhaps by affecting expression of activators and repressors of transcription. In turn, this deregulation may produce additional distal effects compromising oocyte-somatic cell interactions.
Dissecting the initial events associated with Msy2 inactivation may be very informative, providing an entry point to understand how maternal mRNAs are stored and/or stabilized during oocyte growth. When molecular signs of Msy2 inactivation are first detected during oocyte development is an obvious question that needs to be addressed. Are all the effects due to altered mRNA stability, or are there direct defects of Msy2 transcription at the basis of the phenotype? In frog oocytes, it has been shown that FRGY2 regulates transcription, suggesting that these classes of proteins may be involved in coordinating transcription and translation. Indeed, MSY2 is localized in the nucleus early during mouse oogenesis. Ultimately, a better understanding of the function of MSY2 and related proteins will shed light on one of the most remarkable feature of oocyte development. This article sets the stage and provides tools required to address these questions.
